PhCH 2 Mn(CO) 5 reacts with 1,4-di-aryl-1-aza-1,3-butadienes in the presence of unsaturated substrates to give products based on a cyclomanganated intermediate.
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Abstract.
Reaction of PhCH 2 Mn(CO) 5 with 1,4-di-aryl-1-aza-1,3-butadienes gave substituted pyrrolinonyl rings which were 4 -coordinated to a Mn(CO) 3 group. These are formed by intramolecular CO insertion into a (non-isolated) cyclomanganated intermediate, followed by cyclisation. Other unsaturated reagents (PhC>CH, CH 2 =CHCOOMe, PhNCO) gave products arising from insertion of these, including a structurally characterised tri-aryl- 5 -azacyclohexadienyl-Mn(CO) 3 complex from the reaction with the alkyne.
Introduction.
Cyclomanganation of organic substrates to give complexes of the form 1 has proved to be a general process [1] . Substrates that have been examined include aryl-and hetero-aryl ketones [2] and imines [3] , benzylamines [4] , triphenylphosphine chalcogenides [5] and triphenylphosphine imines [6] . These complexes undergo a series of interesting reactions involving the Mn-C bond with alkenes [7] , alkynes [8] , organic isocyanates [9] , sulfur dioxide [10] and carbon disulfide [11] . More recently, cyclomanganation studies have been extended beyond aryl substrates to reactions involving , -unsaturated ketones (chalcones) where compounds of the type 2 could be formed [12] . These also reacted with alkynes, in particular, to give novel products, including 5 -pyranyl-and 5 -cycloheptadienyl-Mn(CO) 3 derivatives [13] .
1-Azabutadienes, 3, are pseudo-iso-electronic with chalcones so appeared to be a potential source of new organomanganese chemistry. While there has been extensive use of azabutadienes as 4 -butadiene analogues, most of the previously reported cyclometallated azabutadiene compounds have been prepared indirectly. These include 3 di-and tetra-ruthenium compounds [14] , the di-manganese compound 4 (from Mn 2 (CO) 9 (CNR) and DMAD [15] ), and the manganese complex 5 (from ClC 6 H 5 CH 2 C(O)Mn(CO) 4 (CNC 6 H 4 CH 3 ) and CF 3 CCCF 3 ) [16] . Only some orthopalladiated examples 6 have involved direct cyclometallation of an azabutadiene [17] . We now report attempts to prepare directly orthomanganated azabutadiene complexes, and their reactivity towards some unsaturated molecules.
Experimental Section

General
Electrospray mass spectra were recorded on a VG Platform II spectrometer, operated as detailed elsewhere [18] . Spectra were run at a cone voltage of 20 V unless otherwise specified, and in some cases Na[OMe] was added to provide ionisation [19] .
NMR spectra were obtained in CDCl 3 on a Bruker AC400 instrument operating under standard conditions, with assignments based on COSY, HSQC and HMBC experiments.
IR spectra were recorded on a Digilab FTS-40 instrument. All reactions were carried out under nitrogen, but no precautions to exclude air were taken during work-up. 4 The azabutadiene 4-phenyl-1-p-tolyl-1-azabuta-1,3-diene 3a, its 1,4-diphenyl analogue and PhCH 2 Mn(CO) 5 were prepared by literature routes [20, 21] . PLC and TLC refer to preparative and thin layer chromatography on silica gel (Merck Kieselgel 60 PF 254 ). 4-phenyl-1-p-tolyl-1-azabuta-1,3- (C2"/C6"), 126.5 (C2'/C6'), 126.5 (C4'), 128.7 (C3'/C5'), 129.9 (C3"/C5"), 137.6 (C4"), 145.7 (C1'), 150.6 (C1"), 174.7 (C1), 176.4 (C6) crystallised from the cooled reaction mixture, and were identified by ESMS and IR [11] .
Reactions
Reaction of
Reaction of 4-phenyl-1-p-tolyl-1-azabuta-1,3-diene and PhNCO with
TLC of the remaining reaction mixture showed a multitude of products which were not further investigated.
X-ray crystallography
X-ray intensity data were collected on a Siemens SMART CCD diffractometer using standard procedures and software. Empirical absorption corrections were applied (SADABS [22] ). Structures were solved by direct methods and developed and refined on ). The structure of 7 is illustrated in Figure 1 , with selected bond parameters included in the caption to the figure. ). The structure of 8b is illustrated in Figure 2 , with selected bond parameters included in the caption to the figure. 3 Results and discussion.
Structure of the
The reactions discussed in detail below are summarised in Scheme 1. 
Attempted cyclomanganation of 4-phenyl-1-p-tolyl-1-azabuta-1,3-diene.
When the azabutadiene 3a was reacted with PhCH 2 Mn(CO) 5 , under the refluxingheptane conditions used successfully for cyclometallation of chalcones, a yellow product was readily isolated. Elemental analysis and ESMS were consistent with the expected product, a cyclometallated azabutadiene, but the infrared spectrum was not since the (CO) pattern was more like that of a Mn(CO) 3 moiety than the characteristic Mn(CO) 4 type.
An X-ray crystal structure determination was therefore carried out. This showed that a substituted pyrrolinonyl ring had formed and was coordinated to a Mn(CO) 3 group as in 7. The structure is illustrated in Figure 1 .
[ Figure 1 near here]
Clearly the deprotonated azabutadiene group has combined with a CO ligand to form the new planar ring structure, and this acts as a five-electron donor to the manganese, with two electrons from the N atom, two from the C(4)-C(5) bond, and one from C(6). This leaves the C=O group free of interaction with the manganese atom, although the Mn...C (7) is quite short (2.375 Å).
There appear to be no previous examples of 4 -pyrrolinonyl complexes, the closest analogues being some 2 -pyrrolinone-Fe(CO) 4 species [24] . This new synthesis of pyrrolinonyl rings is of interest as such five-membered rings are involved in several areas of organic chemistry [25] , and different substituents could be incorporated by choosing the appropriate azabutadiene.
A route to complex 7 can be proposed, by analogy with chalcone chemistry (Scheme 2) [13] .
Scheme 2
The first step is presumably to form the cyclometallated azabutadiene 5b. Under the conditions, and in contrast to chalcone examples, there is rapid insertion of a CO ligand into the Mn-C -bond. Addition of the new Mn-C bond across the N=C bond forms the five-membered ring with the Mn(CO) 3 group attaching to one face in a 4 manner to achieve an eighteen-electron configuration.
To investigate the reaction in more detail, it was repeated under milder conditions with monitoring by IR spectroscopy. When a mixture of the azabutadiene and PhCH 2 Mn(CO) 5 was slowly heated in heptane, no change was observed until the temperature of the oil bath reached 70°C, at which time two new IR peaks appeared at 2034 and 2076 cm -1 . The former of these can be attributed to the pyrrolinonyl complex 7, while the latter is in the position expected for the highest frequency v(CO) band for the 13 cyclometallated azabutadiene 5b (c.f. ~2080 cm -1 for cyclomanganated chalcones [12] ).
As the reaction continued the 2034 cm -1 peak increased, while that at 2076 cm -1 was never more than a small feature. This is consistent with the process in Scheme 2, where the cyclomanganated azabutadiene is formed, but rapidly reacts further by CO insertion.
Reaction in the presence of PhC CH.
Although the cyclomanganated complex 5b could not be isolated, its reactivity in situ with other substrates was of interest. Several groups have shown that reactions between cyclomanganated aryl ketones or chalcones and alkynes proceed via insertion/cyclisation processes to give novel derivatives [8, 13] , so the corresponding reaction was investigated here. When a mixture of the azabutadiene 3a, PhCH 2 Mn(CO) 5 and PhC CH (ca 1:1:3) was heated in petroleum spirits a reaction occurred to give a solution with v(CO) peaks indicative of a Mn(CO) 3 group, but shifted ~10 cm -1 to lower frequencies compared with those of the pyrrolinonyl-complex 7. Work-up provided two products. The major one was identified spectroscopically as the 5 -azacyclohexadienyl complex 8a formed in excellent yield.
Ph
This is the N-analogue of the 5 -pyranyl complexes formed when cyclomanganated chalcones are reacted with alkynes [13] , and a similar route can be assumed. This invokes the cyclomanganated azabutadiene 5b as the first intermediate, which undergoes insertion 14 of PhC CH into the Mn-C bond. Cyclisation involving the N=C bond leads to the sixmembered ring with the Mn(CO) 3 group occupying one face (Scheme 3).
The minor product from the reaction of the azabutadiene with PhC>CH was not identified, but appears to have arisen from CO insertion and double addition of PhC>CH to give a species which the mass spectrum suggests has an M r of 453.
Compounds analogous to 8 have been prepared previously by reactions of alkynes with RC 6 H 4 CH 2 C(O)Mn(CO) 4 (CNC 6 H 4 R'), probably via a cyclomanganated azabutadiene formed in situ by coupling the isonitrile with the first equivalent of alkyne [16] . Interestingly, the azacyclohexadienyl ligands found in that study were either 4 or 5 , depending on the substituents. These cannot be distinguished reliably by spectroscopic means, but it seemed probable that 8a contained an 5 ligand in the absence of electron-withdrawing substituents on the ring. We could not prepare crystals of 8a suitable for X-ray crystallography to confirm this, so the corresponding reaction using 1,4-diphenyl-1-azabutadiene was carried out. This gave 8b in a completely analogous 15 procedure and this compound crystallised well. The structure of 8b is shown in Figure 2 and confirms the 5 -attachment of the ligand to the manganese.
[ Figure 2 near here]
The C (1) The structure of 8b is directly comparable to the 5 -azacyclohexadienyl examples with other substituents reported by Homrighausen et al [16] .
Reaction in the presence of CH 2 =CHCOOMe.
Activated alkenes are also known to react with cyclomanganated substrates derived from aryl ketones and chalcones [7, 13] . A mixture of the azabutadiene 3a, PhCH 2 Mn(CO) 5 and CH 2 =CHCOOMe reacted to give one main product which was characterised spectroscopically as 9 in moderate yield. ESMS and elemental analysis confirmed the formula as a combination of one CH 2 =CHCOOMe, one deprotonated azabutadiene molecule and one Mn(CO) 3 fragment, while IR data confirmed a Mn(CO) 3 unit and showed from the (C=O) at 1734 cm -1 that the carboxylate group was not coordinated to the metal. A peak at 1699 cm -1 can be assigned to a non-conjugated C=N bond. This information, and a full 2-D NMR study, leads to the structure 9, in which the CH 2 =CHCOOMe has coupled to the azabutadiene through C-4 to give a disubstituted methyl 7-azahepta-3,6-dien-2-yloate ligand. This is coordinated to the Mn(CO) 3 group via an 3 -allyl interaction, with the remaining two electrons coming from the N atom.
Again the formation of this species can be explained by initial formation of the 16 cyclomanganated complex 5b, followed by insertion of the alkene into the Mn-C bond and subsequent rearrangement giving the product. When an orthomanganated chalcone was reacted with CH 2 =CHCOOMe in CCl 4 the main product was a substituted methyl 7-oxo-hepta-2,6-dienoate, which is the protio-demetallated equivalent of 9 [12] .
Reaction in the presence of PhNCO.
Liebeskind and co-workers reacted orthomanganated substrates with PhNCO and showed that insertion followed by cyclisation led to phthalimidines [9] . In the present system, PhNCO with PhCH 2 Mn(CO) 5 and the azabutadiene gave two organic products, both in about 30% yield. The first of these showed an [M+H] + peak at m/z 341 in the ESMS, giving a mass of 340 which corresponds to a combination of one PhNCO and one azabutadiene molecule. The IR spectrum showed a peak at 1715 cm -1 assigned to a free C=O group, and the NMR spectra were consistent with the structure 10. This can be explained by an insertion of PhNCO into the Mn-C bond of 5b, followed by cyclisation involving the imine carbon atom to give a five-membered ring. Subsequent protiodemetallation would give 10.
The other product from the reaction was shown to have a mass of 459 from ESMS. This equates to a combination of one azabutadiene molecule with two PhNCO molecules, presumably via a double insertion process. The IR spectrum contained three peaks in the C=O or C=N region. A possible structure is shown (11) but this could not be confirmed from NMR data so should be regarded as a tentative assignment only. In a rather unspecific reaction, CS 2 gave a low yield of the trithiocarbonatetetramanganese compound 13, which has been found in similar reactions with other cyclomanganated substrates [11] .
Summary
Although no cyclomanganated azabutadiene derivative 5b could be isolated, it appears that this is the first-formed compound in the reaction of 3a with PhCH 2 Mn(CO) 5 .
This provides an activated form of the azabutadiene for subsequent coupling. A survey of "one pot" reactions between an azabutadiene and unsaturated substrates in the presence of PhCH 2 Mn(CO) 5 shows that useful new compounds can be formed.
It is interesting that the three unsaturated molecules PhC CH, CH 2 =CHCOOMe and PhNCO all appear to insert initially into the Mn-C bond of a pre-formed 5b to give a N (1) O (4) C (7) C (6) C (5) C (4) Mn (1) O (2) O (1) O (3) C (21) C (22) C(11) C (12) 24 N (1) C (11) C (12) C (21) C (22) O (8) O (7) O (6) C (31) C (32) C (5) C (4) C (3) C (1) Mn (1) 
